The system K20-A1203-SiO2-H20 includes the minerals muscovite, orthoclase, and quartz, and it therefore provides a good model for the natural granite, which is composed of muscovite, two feldspars, and quartz. A. B. Thompson [1974] has evaluated theoretically the effect of adding albite as a component to the mica-orthoclase reactions in this system. Figure 1 shows univariant reactions for the dissociation and melting of muscovite in association with quartz, alkali feldspar, and aluminous minerals in the system K20-A1203-SiO2-H20. The dehydration curve for muscovite extends through Q3 and Qn to Q2, and that for muscovite + quartz terminates at Q,. Melting begins at Q2 and Q,, respectively.
There are three melting reactions involving muscovite that rise to higher pressures from Q2, and three melting reactions involving muscovite and quartz that rise from Q,. The lowesttemperature reactions associated with each of these invariant points has the familiar shape for silicate-H20 melting curves, with significant depression of melting temperatures caused by increase in pressure. Above each invariant point muscovite is stable, but below each invariant point the corresponding melting curve has muscovite replaced by anhydrous products of the dehydration reactions. The highest-temperature melting reaction associated with each invariant point is the vapor-absent fusion of muscovite, or of muscovite + quartz, which extends above the invariant point with little change in slope compared with the corresponding dehydration reaction at lower pressures and temperatures. The equivalent melting reactions with excess H:O occur at somewhat lower temperatures, but with the same positive slope (dP/dT).
The estimated compositions of liquids for the vapor-present reactions were illustrated by Lambert et al. [1969] and Wyllie [1977a, Figure 2 ]. The H20-saturated liquid coexisting with orthoclase + quartz + muscovite occurs at a slightly lower temperature than the H20-saturated liquid coexisting with orthoclase + quartz [Huang and Wyllie, 1974] , and it contains a small excess of A1203 compared with the latter liquid.
For bulk compositions with sufficient H20 to form muscovite, but with none left over for a vapor phase, melting begins at temperatures higher than the vapor-present reactions. The muscovite reacts to release H20 which generates H20-undersaturated liquid.
EXPERIMENTAL RESULTS

Phase Relationships With Excess H20
The runs listed in Table 3 The subsolidus assemblage at crustal pressures corresponds to that of the natural rock, two feldspars, quartz, and muscovite, with a trace of garnet. At high pressures, this becomes jadeite + coesite + muscovite via reactions plotted in Figure  2 . Orthoclase disappears by reaction with aqueous solution between 15 kbar and 25 kbar. Similarly, in th6 biotite granite, biotite dissolves in the subsolidus vapor between 5 kbar and 10 kbar. in contrast, the muscovite in our rock exists to the highest pressures attained. The traces of accessory garnet were not observed in runs at pressures of 20 kbar or higher, nor in runs more than 25øC above the solidus, but we have not determined a phase boundary that we could draw with confidence.
The solidus curve is identical within the limits of experimental error with those for biotite granite and the synthetic granite system [Huang and Wyllie, 1975 ] to 30 kbar, but it is somewhat higher at 35 kbar. The solidus temperature at high pressures varies as a function of H20 content (see Figure 5 ), which might be responsible for the temperature difference.
At 10 kbar and 30 kbar the muscovite-out curve is at 25øC and 40øC, respectively, below the univariant melting curve for muscovite + quartz with excess H20, which is explained by the paragonite component of the natural mica (Table 2) . At 2 kbar, however, the muscovite persisted in 4-month runs to temperatures about 50øC higher than the maximum stability limit of muscovite + quartz ( Details of the problems and procedures for establishing reversibility of phase boundaries for rock samples within narrow temperature limits were reviewed by Stern and Wyllie [1975] . We have discussed the persistence of metastable muscovite at 2 kbar, and the formation and persistence of metastable corundum at 10 kbar and 15 kbar. At higher pressures reaction rates are improved. At 15 kbar, the quartz and muscovite boundaries were reversed within 25øC (Table 3, runs  231 ,229, and 242R). At 25 kbar, the kyanite boundary was reversed within 25øC (Table 3 , runs212, 209, 215R, and 217R).
Phase Relationships With No Added H20
The runs listed in Table 4 Melting begins where muscovite reacts releasing H20 for solution in a small amount of H20-undersaturated liquid. The muscovite dissolves completely within 20øC above the solidus, and the melting curve for synthetic muscovite + quartz without vapor is about 25øC higher (Figure 1 ). This temperature difference is explained by paragonite in the natural muscovite ( Table 2 ). The solidus curve (and the narrow interval for the melting of muscovite) occurs at a temperature higher than the vapor-present muscovite-out curve in should also occur near 660øC and 2 kbar. In fact, the muscovite does not react to produce liquid until 725øC (Table 4) , even after runs of 7 months duration. We attribute this to slow reaction at these low pressures in the nearly dry system (see grains of quartz persist above this boundary, as well as traces of corundum. We interpret this as incomplete reaction in a sluggish system with liquid containing a maximum of 0.6% H20. Attempts to reverse the liquidus boundary were unsuccessful (Table 4 , runs 263 and 296R), which is disappointing but not unexpected.
Phase Relationships With Variable H20 Content
The runs listed in Table 5 
H•O-Undersaturated Liquidus Surface
The liquidus surface corresponding to the quartz(coesite)-out phase boundary, neglecting the traces of kyanite, sillimanite, and corundum at higher temperatures, is given in Figure  6 , with contours for constant H20 contents. The limiting boundary for excess H20 was taken from Table 6 lists a series of runs conducted in gold capsules at 15 kbar specifically to prepare polished charges for electron microprobe determination of phase compositions for the 5% H20 composition in Figure 4 . The phases coexisting with glass are listed, according to the results given in Figure 4 and Table  5 , and the average composition of glass determined from several analyses is given for each temperature.
The glasses analyzed were clear, free of minerals, and the consistency among analyses indicates that they were homogeneous. The glass compositions change fairly regularly with increasing temperature. The result at 800øC departs somewhat from the main trends, which are as follows. At 650øC and 700øC, SiO2 is low, A12Oz is high, and I{20 is high compared with the composition of the granite (Table 1) . The glass compositions (anhydrous) are similar to that of syenite, which is consistent with the pressure effect on the composition of the eutectic in the residua system [Huang and Wyllie, 1975] . Between 700øC and 800øC, SiO2 increases significantly towards granitic values, and A120• drops markedly. Between 800øC and 900øC, the plagioclase dissolves, and Na20 increases. If the difference between the total analyses and 100% is equated approximately to the H20 content of the glass, and thus to that of the original H20-undersaturated liquid, the results indic•t½ that dissolved H•O ch•ged from about !!-!3% be. tween 650øC and 800øC, with a decrease to about 7-8% associated with the increased melting where plagioclase and muscovite disappear between 800øC and 900øC. According to Figures 4 and 6, and 23% H20 is required for saturation of the liquid at 15 kbar.
The average compositions of plagioclase crystals were determined at 650øC (6 analyses) and 700øC (10 analyses). The results in mole per cent anorthite were 5.9 at 650øC, and 5.1 at 700øC, essentially unchanged compared with the 5.1% in the original granite. The paragonire contents of muscovite from runs at 700øC and 750øC are, respectively, 5.9 and 3.7 mole per cent, compared with 6.7% in the muscovite of the original granite.
MUSCOVITE AND SILICATE-H20 LIQUIDS
Phase relationships in the synthetic system K20-A1203-SiO2-H20 and the natural muscovite granite system illustrate the process of partial fusion of a rock containing a hydrous mineral but no free vapor, and outline the range of conditions under which muscovite will crystallize from H20-undersaturated silicate liquids. Abbreviations: see Figure 1 and Table 3 .
At the pressures corresponding to the invariant points in Figure 1 Abbreviations: see Figure I and Table 3 [Millhollen, 1971] which is intermediate between results calculated for granite by Kerrick [1972] and for albite by Burnham and Davis [1974] . Contours on the surfaces (Co) and (Or, V) were drawn to connect values on the reaction curve (V) to the corresponding P,o,a• pressures on t,he univariant curves (Co) and (Or), respectively (Figures 9c and 9d) . is intermediate between that calculated for granite melting by Kerrick [1972] and for albite by Burnham and Davis [1971, 1974] . The solidus for granite-CO2 is high, effectively the same as that for granite alone. Figure 10a shows that addition of very little H20 to the pore fluid is sufficient to cause a large depression of the solidus temperature. In contrast, the addition of CO•_ to an aqueous pore fluid is much less effective in raising the solidus temperature. The solidus for muscovite granite in Figure 10b with pore fluids from H20 to n is effectively the same as that in Figure  10a [compare Stern and Wyllie, this issue; Huang and Wyllie, 1975] . For pore fluids richer in CO2 than point n, however, muscovite begins to dissociate at temperatures-below the solidus. Dehydration of muscovite in a close system changes the pore fluid compsoition towards H20. The muscovite dissociates through an isobaric divariant interval, beginning along the curve which intersects the solidus at point n. For a rock with original pore fluid composition between n and m, dissociation of muscovite drives the pore fluid composition to n, at which point melting begins. This is represented by the isothermal solidus line n-m. For original pore fluids with more CO2 than point m, all muscovite is dissociated with pore fluid composition richer in CO2 than point n, and the solidus temperature is therefore at some higher temperature than n, corresponding to a point on the solidus of Figure 10a . The solidus temperature never reaches the high values for granite-CO2 shown in Figure 10a , because the dissociation of muscovite maintains a relatively high value of H20/CO2 in the pore fluid.
For muscovite granite in the presence of pore fluids with a range of compositions (n-m in the specific example of Figure  10 ), the solidus temperature is buffered by the muscovite dehydration. The conditions for the beginning of melting are defined by the temperature and pore fluid composition at the intersection point, n. The locus of point n in P-T-X space is a univariant vapor-buffered curve on the solidus surface for muscovite-granite-H20-CO2, representing the intersection of the divariant solidus surface for the rock with the divariant subsolidus dehydration surface for muscovite in this assemblage. The geometry and principles are the same as those described for solidus reactions buffered by amphibole, phlogopite, and dolomite in the system peridotite-H20-CO2 [Wyllie, 1977b [Wyllie, , 1978 [Wyllie, , 1979 Eggler, 1978] .
The Experimental results for both granites confirm that biotite and muscovite can be precipitated from H20-undersaturated liquids in magmas (liquid + crystals) with very low H20 contents, at pressures ranging from low values where the hydrous mineral stability curve crosses the excess-H20 solidus, to the highest pressures where the hydrous mineral is stable above the solidus. A significant H20 limit is given by the geometrical boundary for the subsolidus tie-figure including the hydrous mineral without vapor. This amount of H20 is marked in Figures 4 , 5, and 7 by the vertical lines separating vapor-absent from vapor-present subsolidus assemblages. For magmas with H20 contents less than this limit, a trace of hydrous mineral is produced as the vapor-absent liquid solidifies. The details depend on whether the hydrous mineral melts congruently or incongruently in the mineral assemblage [Robertson and Wyllie, 1971] . For magmas with H20 contents greater than this limit, precipitation of the hydrous mineral is followed through a temperature interval by the coprecipitation of other minerals from the vapor-absent assemblage until vapor exsolution occurs, followed by crystallization of the H20-saturated liquid at the vapor-present solidus.
There is a misconception prevalent in the literature that hydrous minerals can be precipitated only from magmas with several per cent of H20. In his discussion of the crystallization of hydrous minerals from silicate melts, Burnham [1979, pp. 90-91) wrote: 'Therefore, the minimum value of X,• w at which hornblende can exist stably with melt in this system is approximately 0.3 which is roughly equivalent to 3.0 wt. % H20. This minimum H20 content is almost independent of magma composition, and, from the work of Yoder and Kushiro [1969] , also appears to hold for biotite.' This does not mean that an original liquid must contain at least 3% H20 in order to precipitate hydrous minerals within the crystallization interval, a view maintained by some petrologists. Using Figure 7e as an example, it means that the H20 content of the H20-undersaturated liquid associated with the assemblage Ms + Or + Ky + L at temperature b is at least 3% (compare the corresponding reaction for muscovite granite in Figure 7f ). Consider the phase assemblage at a temperature just above b. Because the assemblage Or + Ky, + L contains H20 content given by point b, the vapor-undersaturated liquid contains somewhat more H20 than b, the precise amount depending on the proportion of liquid to crystals. It is this liquid which then precipitates muscovite. This is the liquid discussed by Burnham [1979] , with the limit of at least 3% H20. This is a liquid within a magma composed to liquid + crystals, but note from Whether the activity of H20 is reduced to low levels by small amounts of H20 in a vapor-absent system, or by high CO2/H20 in a vapor-present system, the preceding discussion demonstrates how muscovite, biotite, or amphibole can be precipitated from normal silicate magmas with H20 contents certainly as low as 0.5% (corresponding to the subsolidus boundary for maximum hydration). At the stage of initial precipitation, Burnham's [1979] work indicates that the H20 content of the H20-undersaturated liquid in the magma exceeds 3%. This limit must vary as a function of pressure and bulk composition (and hence mineralogy). Neither of the first two sources could yield granitic liquid with prominent, residual quartz/coesite. Huang and Wyllie [1973] used results for the muscovite granite to model the partial melting of marine sediments during subduction, and concluded that the products would not be primary granites or rhyolites. This conclusion is now confirmed by the analyses of glass from the partly melted rock at mantle pressures (Table   6 ). Johannes [1980] concluded that most experimental results on granitic rocks at crustal pressures were roetastable, and he raised an important question: To what extent is it valid to apply roetastable experimental results on granitic rocks to natural processes? Stern and Wyllie [this issue] reviewed this topic, and agreed that the attainment and demonstration of reversible equilibrium is impossible in many parts of the multi-mineral granite systems. The failure to reach equilibrium with muscovite granite at 2 kbar in runs of 4 and 7 months duration is confirmed in Figures 2 and 3 (Tables 3 and 4) . Some phase boundaries were reversed within 25øC at 15 kbar and 25 kbar, but roetastable corundum was widely distributed. We endorse Johannes' [1980] conclusion, but we feel satisfied that the patterns of phase relationships that have emerged from many experimental studies on many compositions are applicable to petrological processes. They help to distinguish between possible and impossible processes. When it comes to tracing the specific compositions of feldspars and liquids in the low-pressure H20-undersaturated regions most directly applicable to the eraplacement and crystallization of batholiths, however, experiments have not yet provided definitive information.
It is well-established that
Another aspect of the equilibrium question, and the applicability of experimental data to real magmas, is provided by the crystal growth experiments of Naney and Swanson [1980] using model granitic compositions with added Fe-Mg components. They found that the mafic minerals (orthopyroxene, clinopyroxene, biotite, hornblende, epidote, and magnetite) nucleated and grew outside of theft thermal stability fields as defined by equilibrium phase diagrams. In the undercooling crystal growth experiments, the nucleation of feldspars and quartz was greatly inhibited by the presence of Fe and Mg in the systems. They suggested that the border zones of granitic plutons may become enriched in mafic minerals by theft more rapid nucleation and early crystallization rather than other processes of differentiation commonly proposed. Johannes [1980] suggested from his results with the felsic components that reaction rates are so slow that we should expect non-equilibrium processes to occur in the generation of granites as well as during theft crystallization.
